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GEL WOUND DRESSING 

This invention relates to a gel wound dressing material, and to 
techniques for preparing and using such a material* 

It is desirable to control the condition of a wound to 
encourage the healing process by maintaining it sufficiently 
moist so as to absorb or to eliminate the formation of dry 
crusty tissue in the vicinity of the wound, while also 
absorbing materials exuded from the wound, including dead 
leucocytes, epidermal and dermal cells. At the same time, it 
is desirable to prevent access to the wound of agents, whether 
bacterial or fungal, which can lead to infection. Examples of 
wounds to which these factors are relevant are ulcers, 
traumatic and surgical wounds, and burns, and tissue donor 
sites. 

Traditionally, wounds have been encouraged to heal by placing 
a gauze material over the wound. More recently, however, it 
has been proposed to apply a gel material over the wound. A 
suitable gel material is disclosed in US-4226232. It comprises 
a hydrolysed copolymer of starch and an acrylonitrile. The 
polymer is prepared in gel form by mixture with water, to an 
extent which gives the copolymer an appropriate viscosity which 
enables it to be manipulated as a gel, especially when applying 
it to a wound and while it is applied to the wound. Modified 
such materials are disclosed in US-4302369, in which the 
polymer is converted to its aluminium salt to increase its 
ability to absorb solutions with a high ionic strength. 

Appropriate properties for a gel, for use as a wound dressing 
include a viscosity that makes the material capable of being 
manipulated before administration to a wound and then applied 
appropriately over the area of the wound, and an ability to 
absorb exudate from the wound. ^ The need to be able to 
manipulate a gel material for a wound. dressing conveniently has 
to be balanced with the abilijty of the gel to absorb additional 
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liquid; the mixture of the polymer with water to confer the gel 
viscosity on the polymer will result in a reduction of the 
ability of the polymer to absorb liquid. 

The present invention provides a gel wound dressing in which 
the polymer component comprises a copolymer of a starch and a 
monounsaturated carboxylic acid or an ester or salt thereof. 

Accordingly, in one aspect, the invention provides a gel wound 
dressing which comprises: 

(a) a water absorbent copolymer of a starch and a mono- 
unsaturated carboxylic acid or an ester or salt thereof; 
and 

(b) water. 

The dressing material may further comprise a preservative or 
other additive. 

The dressing of the invention has the advantage that it can' be 
provided as a gel, and therefore be manipulated conveniently 
before application to a wound and while it is so applied, with 
an ability to absorb fluids which can be at least comparable 
with gel wound dressings based on other polymer systems. The 
dressing can also provide appropriate moisture levels to 
minimise the risk of a wound drying out during the healing 
process, which can itself give rise to complications in the 
healing process in terms of the formation of crusty tissue. 
The dressing material of the invention can be made with a 
viscosity which is at least about 100 kcps, preferably at least 
about 125 kcps, for example at least about 160 kcps. The 
viscosity can be arranged to be not more than about 300 kcps, 
more preferably not more than about 275 kcps, for example not 
more than about 250 kcps. The viscosity of the dressing 
material is measured on a Brookfield RVF viscometer with a 
helipath stand, using a T-bar D spindle at 4 rpm. 
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The viscosities referred to above can be attained according to 
the present invention while maintaining a high ability to 
absorb exuded materials from the wound as can be demonstrated 
by means of a saline absorption test. That test comprises 
dispersing 2 g of the dressing material in 20 ml of 0.9% 
aqueous NaCl solution. The dispersion is decanted into a 50 ml 
measuring cylinder. Once the dispersion has settled, the 
position of the phase separation is noted from which the fluid 
absorption capacity can be calculated. It has been found that 
the dressing material of the invention can be made with a 
viscosity within the limits mentioned above, with a saline 
absorption of at least about 200 ml of the solution per 100 N g 
of the wound dressing, preferably at least about 250 ml. 100 g" 1 , 
more preferably at least about 300 ml. 100 g 1 . The absorption 
characteristics of the dressing material have been found to be 
enhanced as a result of a sterilisation step in its preparation 
which involves exposing the material to heat and pressure. 
The viscosity that can be obtained in the material of the wound 
dressing material of the invention means that the material is 
capable of being manipulated conveniently over the area of the 
wound that is to be treated using the material. : It also 
facilitates removal of the material from its packaging. In 
addition to facilitating manipulation, a relatively low 
viscosity can enable the tackiness of the material to be 
maintained relatively low, which reduces damage to the wound 
when the dressing is removed. 

Control of the viscosity is one means of measurement which may 
be used to obtain a required ratio between copolymer and water 
in the gel mixture. However, other means may be adopted, to 
achieve desired water-absorption properties of the gel mixture, 
which effectively comprises required provision of a suitable 
"spreadable gel". This can range between "highly mobile" at 
one extreme to "very stiff" at the other extreme, and which can 
be obtained by variation of the proportion by weight of 
copolymer in the gel mixture between about 0-2% to about 6%. 
The particular weight proportion which may be selected can 
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depend on the particular means adopted to dispense the gel 
mixture, with e.g. a highly mobile gel being suitable for 
introduction into a deep wound by a syringe, and a stiff er gel 
being suitable for extrusion e.g. from a squeezable sachet so 
as to be readily spread over the wound area. 

In one preferred arrangement, the gel mixture may be stored in 
a squeezable sachet, and therefore the required properties of 
the gel mixture will be such that it can be readily be squeezed 
from the sachet, and to be readily spread over the wound area. 

The gel wound dressing of the invention has been found to fee 
capable of providing suitable absorption characteristics, in 
particular towards solutions which are high in ionic strength, 
without any need to include aluminium ions. This can represent 
a significant advantage, in particular in situations in which 
the presence of aluminium ions can give rise to clinical 
complications. 

Preferably, the gel wound dressing is formed from a mixture of 
particles of the copolymer and water, in which the distribution 
of particles is such that at least about 70% by weight, more 
preferably at least about 80%, especially at least about 90%, 
have a particle size of not more than about 100 pin. Prefer- 
ably, the gel wound dressing is formed from a mixture of 
particles of the copolymer and water, in which the distribution 
of particles is such that at least about 60% by weight, more 
preferably at least about 70%, especially at least about 85%, 
have a particle size of not more than about 75 pm. Preferably, 
the distribution of particles is such that not more than about 
10% by weight, more preferably not more than about 6%, have a 
particle size greater than about 100 pn. The particle size 
distribution can be determined using sieves with known mesh 
sizes, as is known. 

It has been found that the use of particles of the copolymer 
whose size satisfies some or all of these conditions gives rise 
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to materials with viscosities which make the copolymer suitable 
for use in the treatment of wounds, with the characteristics of 
a gel. The use of particles of the polymer with a size within 
these ranges has the advantage of making the material smoother 
without a granular texture. The smooth texture makes the 
material easier to spread appropriately over a wound that is. to 
be treated. Also the gel usually will be clear i.e. 
transparent, so that the wound can be observed while the 
dressing is being applied. 

Preferably, the gel wound dressing of the invention includes a 
component which reduces its tendency to dry out. This 
component may also act as a preservative. Examples of suitable 
materials include polyols, such as propane-1, 2-diol and 
glycerol, or a mixture thereof. Preferably, the polyol 
component is present in the composition in an amount of at 
least about 100% by weight based on the weight of the 
copolymer, more preferably at least about 200%, especially at 
least about 300%, for example about 400%, and with advantage 
even up to 600%. 

Preferably, the gel wound dressing of the invention includes at 
least one other active component. For example, the dressing 
might include an agent which inhibits or at least reduces the 
tendency for bacteria to colonise on the dressing. An example 
of a suitable such agent is a polyol such as propane-1, 2-diol. 

Examples of other active components that might be included in 
the dressing include anaesthetic agents, hormonal compounds and 
lubricants, enzyme-containing compositions, antibiotics (such 
as metronidazole) , collagen materials, cytokines (such as 
platelet derived growth factor, insulin-dependent growth 
factor, and transforming factored placentile growth factor), 
and elastin (preferably with fibrin and fibrinogen) . 

The copolymer used in the dressing is produced by reaction of 
a starch with a monoethylenicaf ly unsaturated carboxylic acid, 
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or an ester or salt of such an acid. Examples of suitable 
components for the copolymer, together with the starch, include 
acrylic acid, methacrylic acid, lower carboxyl (C, to C 4 ) esters 
thereof and salts such as with elements of Groups I and II or 
ammonia. It is preferred that substantially all of the 
carboxyl groups in the copolymer are present as acid groups, or 
as salt or ester derivatives of acid groups. 

A particularly preferred copolymer comprises at least about 
50%, preferably at least about 70%, more preferably at least 
about 85%, for example at least about 95%, of a salt of a 
starch grafted polyacrylate. Preferred salts include the 
sodium salt. 

The copolymerisation reaction between the starch and the 
aery late component can be initiated by means of irradiation, 
for example using an electron beam, 7 -radiation such as from a 
Co 40 source, or ultraviolet radiation. The reaction can also be 
initiated by means of a chemical initiator such as benzoyl 
peroxide, hydrogen peroxide or a salt such as a eerie salt. 

Examples of suitable copolymers for use in the gel wound 
dressing of the invention are disclosed in GB-1512325. Subject 
matter disclosed in that document is incorporated in the 
specification of this application by this reference. The 
document discloses a water absorbing resin which comprises a 
copolymer of starch and a water soluble monomer such as acrylic 
acid or a derivative thereof. The resin is crosslinked as a 
result of a reaction with a cross linking agent such as 
polyesters of unsaturated mono- or polycarboxylic acids with 
polyols (for example an ester of di-methacrylic acid with 
ethylene glycol). The resin is said to be suitable for 
absorbing fluids such as blood and urine, for example in 
diapers, sanitary towels and disposable dustcloths for 
kitchens. The disclosed resin can be applied in the form of a 
powder, in an aqueous dispersion, or by immersion of a 



WO 96/04025 



FCT/G395/01804 



-7- 

substrate in a solution of the resin. The resin is said to be 
particularly suitable for use in diapers and sanitary towels. 

The copolymer used in the dressing of the invention will 
generally be crosslinked, so as to confer appropriate gel-like 
properties and viscosity on the dressing material. The 
crosslinks will preferably be internal crosslinks. It has been 
found that the use of a polymer which is crosslinked in this 
way gives rise to a smoother dressing material, which has 
advantages in use for example in terms of its ability to be 
spread. 

The starch used to form the copolymer may be a natural starch 
such as potato starch, rice starch, tapioca starch or corn 
starch, or a modified or processed starch such as ot-starch, 
dextrine and oxidised starch. Natural starches are 

particularly preferred. 

The ratio by weight of the starch to the acid derivative 
component of the copolymer is preferably at least about l f more 
I preferably at least about 2, especially at least about 5, for 
example at least about 10. The ratio is preferably not more 
than about 10 4 , more preferably not more than about 10 3 , 
j especially not more than about 100. 

Suitable starch acrylate copolymers for use in the wound 
dressing of the invention are available from Hoechst Celanese 
I under the trade mark SANWET COS-915. 

i 

Preferably, the water that is present in the wound dressing gel 
is not more than about 60% of the total water absorbency of the 

' copolymer, more preferably not more than about 5%, for example 

\ not more than about 3%. 

The water absorbency of the copolymer is determined by 
I immersing in deionised water a known weight of the gel (1 to 
[ 2 g) made to the exemplified formulation, contained in a sealed 
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bag of a hydrophilic polypropylene based non-woven fabric 
available from Scimat Limited under the trade mark SCIMAT 
700/13, and recording its weight change after 24 hours. 

Prior to weighing, the surface of the bag is blotted to remove 
excess water and an empty bag is used as a control. 

The total absorbency of the resin, measured in ml.g 1 , is 
calculated as follows: 

(Water in gel) * (Water upta ke in 24A) 
Absorbency = 1 ■ Pe sin in gel 



However, the total water absorbency (T) can be difficult to 
measure in practice (due to variation between different batches 
of material) , but tests carried out to date give the following 
desired parameters, wherein carrying out measurements for 
values from 900 to 1300 ml/g for pure water: 

In the formula: R = V x 100% 

xT 

in which R is the percentage proportion by weight of water 
present in the gel mixture relative to the total water 
absorbency of the copolymer in the gel mixture; T is the total 
water absorbency; X is the percentage by weight of copolymer in 
the copolymer /water gel mixture, and Y = amount of water added 
in the mixing stage. 

For values of x = 0.2 and T = 900 and 13 00 and Y = 99.8, the 
values of R were found to be 55.4 and 38.4 respectively. 

For value of x = 6, and values of T = 900 and T = 13 00 and Y = 
94, the values of' R were found to be 1.74 and 1.21 
respectively . 
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The value of x = 0.2 gives a gel mixture which is very runny, 
or "highly mobile" as indicated earlier, whereas the value x = 
6.0 gives a gel mixture which is very stiff. These two values 
of x determine the range within which a suitable spreadable gel 
can be derived, to suit particular requirements. Therefore, 
suitable variation of the weight proportions of copolymer and 
water in the gel mixture may be selected, by experiment, within 
the range, to provide spreadable gel mixtures suitable for 
different requirements. 

In a preferred example, which contains 3.5 parts copolymer and 
75.5 parts water, then when T = 900, R = 2.4; and when T^= 
1300, R = 1.66, and Y = 75.5. i 

Accordingly, in a particularly preferred range of proportion by 
weight of copolymer to water in a gel mixture of a gel wound 
dressing according to the invention, the relative proportion of 
water that is present in a particular sample, compared with the 
total water absorbency of the copolymer in the sample, lies in 
a range having a minimum value of up to 1.0%. The upper limit 
to the preferred range will bje determined by experiment, but 
may go up to as high a value as R = 60%. 

If desired, for certain circumstances it may be advantageous to 
introduce substantial amounts of preservative e.g. a polyol 
into the gel mixture, (which replaces the amount of water 
required in the formulation of the gel) , and this can then 
result in a lower value of R\ By way of example, in a gel 
mixture of 3% polymer, 69% pollyol, and 28% water, the value of 
R is reduced to 0.7, The invention therefore includes the 
possibility of including weight proportions in the gel mixture 
of polymer, preservative, and water such that R can be less 
than 1.0%, and down to at least 0.7%. 

The gel dressing will generally be applied to a wound in a 
layer of thickness at least ^bout 2 mm, preferably at least 
about 4 mm, for example at jleast about 5 mm. A dressing 
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applied to certain wounds with this thickness can be left in 
situ for as much as seven days or more. 

The dressing of the invention can be administered in a sachet 
from which it can be extruded through an opening, formed for 
example by means of a knife, by the application of pressure to 
the sachet. 

The dressing can conveniently be administered in a syringe, 
from which it can be extruded in a controlled manner directly 
onto a wound so that it is appropriately located to ensure that 
the wetness of the wound is controlled. 

The dressing can be administered in a porous container such as 
a pouch or sachet made of a material that is suitably porous to 
the fluids to be absorbed by the dressing when in place on the 
wound. Examples of materials that might be suitable for the 
sachet or pouch include paper based materials and organic 
materials such as polyamides and polyesters, especially in the 
form of a non-woven sheet. 

The wound dressing of the invention can conveniently be applied 
directly to a wound. It is envisaged that, in roost 
circumstances, the dressing will be changed after a period of, 
perhaps, hours or days, according to the condition of the 
wound, for example about 2 to 3 days (although shorter periods 
can be appropriate under certain conditions, for example when 
the amount of material exuding from the wound is high). When 
the dressing is to be changed, the gel-like characteristics of 
the dressing material facilitate its removal from the wound, 
and which may be assisted by irrigation, for example using a 
sterile saline solution. 

It will generally be appropriate for a secondary dressing to be 
applied over the gel wound dressing, to retain it in place on 
a wound and to provide a degree of physical protection for the 
gel dressing. The nature of the secondary dressing will depend 
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on the characteristics of the wound. For example, if the wound 
has eschar (dry crusty tissue) associated with it, a moisture 
vapour permeable dressing will be appropriate. If the wound is 
malodorous, an activated carbon dressing can be appropriate. 

An appropriate secondary dressing can preferably exclude 
bacteria from the wound, retain the dressing material in place 
on the wound, and permit exchange of moisture with the 
atmosphere. Preferably, the dressing is transparent so that 
the wound can be inspected. Suitable secondary dressings are 
sold under the trade marks OPSITE and TEGADERM. 

The invention also provides] a method of making a gel wound 
> dressing material, which comprises mixing a water absorbent 
copolymer of a starch and a monounsaturated carboxylic acid or 
an ester or salt thereof with a quantity of water, the 
proportions of the copolymer and water being such that the 
resulting mixture has gel properties. 

Preferably, the method includes the step of sterilising the gel 
[ wound dressing, for example by means of a heating step, 
optionally under pressure, or by irradiation if the materials 
of the dressing are not affected adversely by irradiation. 
[ Unexpectedly the saline absorbency capacity of the sterilised 
I gel is greater than that before sterilisation. 

The invention further provides a method of treating a wound 
| which includes the step of applying a gel wound dressing of the 
j type discussed above. 

An example of a gel wound dressing will now be described. The 
dressing was made from a starch acrylate copolymer sold under 
j the trade mark SANWET COS-915. It is supplied by Hoechst 
Celanese. Typically it has a particle size distribution as 
follows: 
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US SIEVE SIZE 
(mesh) 




SIZE DISTRIBUTION 

rwt %) 


Sample 1 


Sample 2 


+20 


>850 


0.1 


0.0 


-20/+140 


100-850 


1.9 


0.3 


-140/+200 


75-100 


11.7 


0.7 


-200/+325 


45-75 


38.8 


43.7 


-325 


<45 


47.6 


55.0 



The following components were mixed mechanically for 3 minutes 
until dispersed evenly (amounts expressed in parts by weight) : 



Starch acrylate copolymer 
Propane-l , 2-diol 
Glycerol 



3.5 
20.0 
1.0 



75.5 parts by weight of water were added to the resulting 
mixture and the resulting mixtures was stirred for a further 2 
minutes until a homogeneous : mixture was obtained. 

The mixture was transferred^ a shallow container and placed 
under a vacuum at room temperature to remove entrapped air. 

j 

Saline absorption was determined as follows. 2 g of gel was 
weighed into a beaker and 20 ml of 0.9% sodium chloride 
solution added. Once dispersed, the resulting dispersion was 
transferred to a 50 ml measuring cylinder. After settling, the 
volumes of the two layers wa's measured and the fluid absorbtion 
capacity calculated, as above. 



Results for the formulation g 
follows: 

Absorbency before sterilisation 
Absorbency after sterilisation 



iven in the example were as 

325 ml. 100 g l gel 
400 ml. 100 g* 1 gel 
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CLAIMS : 

1. A, gel wound dressing which comprises: 

(a) a water absorbent copolymer of a starch and a mono- 
unsaturated carboxylic acid or an ester or salt thereof; 
and 

(b) water. 

2. A wound dressing as claimed in claim 1, which includes a 
component which reduces the tendency of the dressing to dry out 
when exposed to atmosphere. | 

3. A wound dressing as claimed in claim 2, in which the said 
component comprises a polyol. 

4. A wound dressing as claimed in claim 2 or claim 3, in 
which the said component comprises propane-1, 2-diol. 

5. A wound dressing as claimed in any one of claims 2 to 4, 
in which the said component is present in an amount of at least 
100% based on the weight of the copolymer. 

i 

6. A wound dressing as claimed in any one of claims 1 to 5, 
which includes agent which inhibits or at least reduces the 
tendency for bacteria to colonise on the dressing. 

7. A wound dressing as claimed in any one of claims 1 to 6, 
which is formed from a mixture of particles of the copolymer 
and water, in which the distribution of the particles is such 
that at least about 70% by weight, more preferably at least 
about 80%, especially at least about 90%, have a particle size 
of not more than about 100 pm. 

8. A wound dressing as claimed in any one of claims 1 to 7, 
in which substantially all of the carboxyl groups in the 
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copolymer are present as acid groups, or as salt or ester 
derivatives of acid groups. 

9. A wound dressing as claimed in any one of claims 1 to 8, 
in which the wound dressing comprises a spreadable gel mixture. 

10. A wound dressing as claimed in any one of claims 1 to 9, 
in which the proportion by weight of copolymer (X %) lies in 
the range from 0.2 to 6%. 

11. A wound dressing as claimed in any one of claims 1 to 10, 
in which: in the formula 

R = Y X 100%, 
XT 

where R is the percentage proportion by weight of water present 
in the mixture relative to the total water absorbency of the 
copolymer, where T is the total water absorbency, x is the 
percentage by weight of copolymer, and Y= amount of water added 
in the mixing stage: 

R has a minimum value of up to 1.0%. 

12. A wound dressing as claimed in Claim 11.- in which the 
ratio R lies in a range up to 60%. 

13. A wound dressing as claimed in Claim 2, in which the 
relative weight proportions of co-polymer, preservative 
component and water in the gel mixture are such that the 
percentage proportion by weight of water present in the mixture 
relative to the total water absorbency of the co-polymer (R) 
has a minimum value of up to 0.7%. 

14. A wound dressing as claimed in any of claims 1 to 13, 
which is contained in a syringe. 
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15. A wound dressing as claimed in any one of claims 1 to 13, 
which is contained in a sachet from which the dressing can be 
extruded by application of pressure. 
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